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Abstract

Background and Objectives : High pressure processing (HPP) is a non-thermal food processing technology that
has emerged as innovative methods capable of microbial inactivation and enzyme inhibition while preserving
nutritional value, flavor compounds, and bioactive substances. HHP is a favorable application in food industry
including juices, jams, and other fruit products. The core benefits of HHP processing are the reduction or significant
elimination of heating, avoiding the degradation of the food component from heat. In addition, there is a large
amount of fresh-cut salad waste after the cutting process that cannot be sold due to their unappetizing
characteristics but have nutrition values and bioactive substances such as antioxidants, etc., with no difference
from fresh salad vegetables. Therefore, food processing is required to change this appearance from food waste to
juice but still preserve the nutrient value of the bioactive compounds as much as possible. This study aimed to
investigate the effects of high-pressure processing (HPP) at various levels of pressure and time on the physical
properties, chemical properties, and microbials of a mixed vegetable and fruit juice product.

Methodology : Three types of vegetables (such as Green oak vegetables, red oak vegetables, and mini cos lettuce)
from fresh-cut salad waste) and fruits, including red grapes, red apples, and lemons, were extracted using a cold
press processor and then mixed. The proportion of mixed vegetables (Green oak vegetables, red oak vegetables,
and mini cos lettuce in the proportion 45:45:10 % by weight, respective), red grapes, red apples, and lemons were
59.58, 23.57, 14.85 and 2 % by weight, respectively. Mixed vegetables and fruit juice were packed in polyethylene
terephthalate bottle (PET) for 150 ml. Then, mixed vegetables/fruit juice were examined as pressure levels of 300,
400, and 500 MPa applied for durations of 3, 6, and 9 minutes. All Mixed vegetables and fruit juice samples were
physical, chemical and microbiology analyzed such as color, turbidity, total soluble solids content, pH value, total
phenolic contents, antioxidant activity by DPPH and FRAP assays, total microbial and yeast and mold contents.
Main Results : Results demonstrated that pressure and time had significant interactive effects on redness (a*) and
total microbial count (p<0.05). Furthermore, pressure levels significantly influenced brightness (L*), redness (a*),
yellowness (b*), pH, and antioxidant activity as measured by the Ferric Reducing Antioxidant Power (FRAP) assay
(p<0.05). Mixed vegetables and fruit juice under pressure at 500 MPa for 5 min was increased in a* value (a* =
-0.50, p<0.05) . However, pressure levels and time did not affect turbidity and total soluble solids content (TSS) of
mixed vegetables and fruit juice samples (p>0.05). Notably, increasing pressure levels correlated with decreased
FRAP antioxidant activity (p<0.05). FRAP contents of mixed vegetables and fruit juice under pressure at 500 MPa

with duration between 3 and 9 min ranged from 7.45 to 7.93 yg TE/100 g sample. Pressure levels, times and
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interaction between pressure levels and time (P*T) did not affect total phenolic contents and antioxidant activity by
DPPH assays of mixed vegetables and fruit juice (p>0.05). Total phenolic contents and antioxidant activity by DPPH
assays of mixed vegetables and fruit juice ranged from 35.94-41.21 pg GAE/100 g samples and 4.26-4.56 ug
TE/100 g samples, respectively. Processing time significantly affected only brightness and pH (p<0.05). The pH
values of mixed vegetables and fruit juice samples under HPP process at 300 MPa for 3-6 min were ranged between
3.83 and 3.84. When pressure level and time increased, total plate count decreased (p<0.05). Total microbial
contents of mixed vegetables and fruit juices under pressure level more than 300 MPa for 3-9 min had ranged from
3.33 to 6.00 CFU/ml. While pressure, time, and their interaction did not significantly impact yeast and mold counts
in the juice samples (p>0.05). The results exhibited that total yeast and molds of mixed vegetables and fruit juices
under HPP were lower than mixed vegetables and fruit juices with untreated HPP. All treated samples exhibited
microbial, yeast, and mold counts below the general criteria and limits set for high-pressure pasteurized acidic
products (pH < 4.64). These findings align with the Thai Food and Drug Administration’s (2019) guidelines, which
recommend pressures of at least 400 MPa for 1-20 minutes for such products.

Conclusions : High-pressure processing of mixed vegetable and fruit juice at 400 MPa for 6 minutes emerges as
a promising non-thermal treatment with potential for industrial application. This HPP condition exhibits a higher of
total phenolic contents, and antioxidant activity by DPPH and FRAP assays in mixed vegetables and fruit juices
from fresh-cut salad waste. Moreover, microbial, yeast, and mold counts align with the Food and Drug
Administration’s (2019) guidelines with an appropriate cost. This method not only ensures microbiological safety
and quality but also presents an opportunity to add value to by-products from the fresh-cut produce industry or
substandard vegetables, transforming them into nutritious health beverages.

Keywords : high-pressure technology ; non-thermal processing ; mixed vegetable and fruit juice ;

physicochemical properties ; microbiology
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AN LUANTBIAIINETNG (L) ANANNMINALAY (a%) WAZAIANNLTUAWARY (D%) 2RIUNENARANANUI A DT

unszuaunsulegLfaANALgINszAUANNAL (P) 300 400 WAz 500 MPa 7taa (1) 3 6 WAL 9 W71 LARIAT

Table 1

Table 1 Effect of pressures and times on physicals properties of high-pressure vegetables-fruits juice

Treatment Color
Pressure  Time Turbidity (%)™ pH"™ TSS (%Brix)™
L* " a* %° b* "™
(MPa) (min)

300 3 2855+0.07°  -061+0.07° 430+0.11°  7491+177°  3.84+0.01° 6.27 + 0.06

6 28.59+0.02°° -058+0.07° 4.43+0.06"  73.18+521°  3.83+0.00° 6.23 + 0.06°

9 28.64 +0.04™  -0.64+0.04° 4.46+0.13°  7494+115  3.81+0.02" 6.23 + 0.06

400 3 28.61+0.02°"  -0.61+0.03° 452+0.01°° 7227+164°  3.80+0.01° 6.23 + 0.06

6 28.68+0.04"  -063+0.07° 460+0.06" 7486+1.18°  3.80+0.01° 6.23 +0.06°

9 28.69+0.05° -0.63+0.03° 460+0.07"° 7297+132°  3.80+0.01° 6.17 + 0.06"

500 3 28.70 +0.07"  -0.62+0.02° 463+0.09°  73.85+093°  3.80+0.01° 6.20 + 0.00°

6 28.71+0.03"  -058+0.02° 467+005  7500+255  3.80+0.01° 6.20 + 0.00°

9 28.70 +0.02°  -050+0.03° 7.61+0.08"° 7295+065  3.80+0.01° 6.17 + 0.06°

Note : Data are expressed as mean + SD ; The different letters within the same column indicate significant differences in

treatments (p<0.05) ; ns means there are no interaction of pressure*time ; Sig means there are interaction of

pressure*time.

o

WU NBNEWATINTIANAULAZIIAT (P*) aAtAnauduns (a%) adneliiadnAty (p<0.05) atuziAa

PHANINAFRAIAINETNN (L) ArAansdudimaes (b*) wavAtiied (p<0.05) (lulauanelunisne) wanannil

sraizinanlaninanenn L waven pH ludaetraindnadnnantinnaly (p<0.05) (ldlsuanslumise) agelsfins

ARTNAU 1981 UazBNENATINTEUdAINAuLAzIIAT lRBNENafaA A N uLA AT TR Ta IR

azanals (p>0.05)

winadanastina ineunssuaunisulaglfoganuAugeassAuA XA 500 MPa 11w 3-9 Wil Jen L*

] S A A o oA o ) o = o = > o
WAy a* @j\iﬂqq LleJﬂ’W‘WL'E]"]]‘Vlmm’]L&I@LV]?J'LIﬂUﬂ’WﬂﬂJﬂmumu@‘\‘im‘tmu%u "I (DSOO5) luﬂm?JVlﬂq?lﬂ]ﬁquﬂu@ﬂ
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192/ 300 MPa 111 3 waz 6 W7 danalihdnadananina liien Luaz b* tesfigausiipniiasgengn (p<0.05)

BunnaesudsnazarainlauazAtanguaasindnadnnanuina ldlduansnaiuluynszdunonusuguay

szazinanlunisudsgy (p>0.05)

Table 2 Effect of pressures and times on total phenolic compound and antioxidant activity of high-pressure

vegetables-fruits juice

Treatment TPC™ DPPH™ FRAP
Pressure Time (ug GAE/100 g samples) (ug TE/100 g samples) (ug TE/100 g samples)
(MPa) (min)

300 3 4121 £1.91° 4.44 +0.29° 10.30 + 1.89°
6 39.33 + 1.57° 450 +0.20° 9.26 + 0.26°
9 40.40 + 2.85° 446 +0.17° 9.55 + 0.64™

400 3 38.19 + 4.24° 4.26 +0.24° 7.70 + 0.08°
6 40.29 + 3.18° 4.50 +0.04° 8.49 + 0.15™
9 38.06 + 4.78 4.39+0.14° 8.73 + 0.45"

500 3 38.06 + 2.62° 442 +0.15° 7.45 + 0.46°
6 35.94 + 2.26° 4.38 +0.07° 7.48 +0.29°
9 36.36 + 4.24° 456 +0.19° 7.93 + 0.39%

Note: Data are expressed as mean = SD. The different letters within the same column indicate significant

differences in treatments (p<0.05). ns means there are no interactions of pressure*time.

mmmmﬂﬂ’fmwﬁuzgm@m:ﬂmmﬁLLMﬂ&iNﬁuﬁi@ﬂ?mmﬂuﬂaﬂ%\mmmLmzﬁ@mmmiﬁmﬂ%a%mz
1AeA% DPPH uay FRAP lutinfnadnaaniinga lsiuanafa Table 2 wudn seduausudaninasefanssunisdnu
ayyABATTAN8AD FRAP (p<0.05) wazlinuaninasousendneszdumandugauazszaziaasalininiuedn
%wumLL@zﬁ@mmmiﬁmmH@Em:‘lﬁmﬁ% DPPH wag FRAP (p>0.05) ﬂ?mm’ﬁlu@aﬂ%\mummzﬁ@mium?ﬁm
avARATzA1EAE DPPH Renlauansneiulugnszduanusugenazszaznanlufessiinadamananiinals
(p>0.05) Lwi‘wud”]Lﬁ@izﬁumwﬁuzﬂﬁmn%uz&qmiﬁm FRAP anas (p<0.05) Tﬂﬂmﬂ%’mwﬁuzg‘ﬁ 500 MPa
AanaliiAn FRAP anasaeinedalaiialiieufuninusud 300 MPa (p<0.05) mﬂ%mmﬁuzgﬁ 300 MPa 114 3 W

denaliihinadnsannantina lilA FRAP 1n#iga (10.30 ug TE/100 g samples) (p<0.05)
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Table 3 Effect of pressures and times on microbiological properties of high-pressure vegetables-fruits juice

Treatment _ Yeast and molds™
Total plate count (CFU/ml) %°
Pressure (MPa) Time(min) (CFU/ml)
300 3 6.67 + 1.53% 2.67 +2.08%
6 3.67 +0.58" 433 +1.15°
9 8.33 +3.21° 3.67 +0.58"°
400 3 3.33+0.58" 5.67 +2.08°
6 5.00 +1.73° 6.00 +7.81°
9 433+1.15° 3.33+251°
500 3 467 +1.15° 467 +1.15°
6 6.00 + 1.00%° 6.67 + 4.16™
9 4.67 +252° 3.33+3.21°

Note: Data are expressed as mean £ SD. The different letters within the same column indicate significant differences

in treatments (p<0.05). Sig means there are interactions of pressure*time.

v v
& o °

UFnnuqauvzeiiannn Basiazs luininadnuaniina lifnun sz uaun19ANNALEITEAL 300, 400 LAY

a

500 MPa %11 3, 6 LAY 9 W19 WAAIAY Table 3 WUIN HENTNATINVBIANALLAZLIANFADNITAAAIUBIUFHD

P%
A a 1

TaqauYTE IINARL 19NTNE ATy (p<0.05) uazANALNEVENAsBsaUTHMAAUYEEMIMNA (p<0.05) N3 ldANN

o—

' v
o a o

AUGINTTAUNINNGN 400 MPa W11 3 B9 9 Wil Turdnadnnanuua sl wudn Hffunnnsieqaurisevianuataands
6 CFU/mI luanugsaaeinailatnunisldaonusugs (gaaruan) Hlsunoudeqaurseanun 26 CFU/mI (Tdlduana
TURN319) HATBINIZLAUNITAINALGIABL NI IEARUAZSIN WU SZALANMNA S28Z1IAT LAZBNENATINTTUINY

‘. . AT g o . A y : o .
seAuANAULAzna TRl ENasa i e Basazs ludatnaihdnadananua b (p>0.05) wstFunEas

wazstaendn 6.67 CFU/MmI luangidaatineiliiaunisldannuiugs (nacuan) diadas-01 55.33 CFU/mI (ladls

LAAI I UANTN)

Discussion

o

wdnadpnantna i neuuazudsntunszuaunsullagildna AvnaugaNddan (JA1 a* 1uay) naves

a

ANNAULAZIIAHNARRANANNTNALTY (a%) (p<0.05; Table 1) luwrniehlufinamaA1naugdng (L*) wazmanuiii

Amdes (b%) (p>0.05) Taan1sldAaIuAUEgIN 500 MPa WU 9 Wil AnaliAiaruiludidiscanasvizediaanuily
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S T vl o . 4 LA s o d
AuaniinzwdnteaileaiauiunisldnszdumnuiuLazioanay o (A1 a* Anaudesas Aa* agludas +0.08 g
+0.14, lainansdayalunise) Taaialinisuilsglinaaousiugeasldfinavseinadoaninsedaenansioel
\asanwuszlaonauduasiassaineasdlsenaunlidludnualiazinaunsnusaninusiugs (Zou et al., 2024)

X 4 - - v , ama - % Y 4 v e
uananinisdasuutlasresardainisoialdainuanaang iy UhAsanisfsduinanauuuiiesdesiu
wilsfiazldneadesiuenlsd sonlifanszuduaanasia (degradation) sanedinaslsfindu (polymerization) 184
. , 4 o % . ¥ v o & da XX
99A9RY (Szczepan'ska et al., 2021; Zou et al., 2024) n1silagunlas@sesiidnuaniina ldaninfuninuuil
WasannieultdinaNueasending (polyphenol oxidase; PPO) wazteultililasaanding (peroxidase; POD) dailis

5"2" o £ 1 : ] d} = 1 a a 901 aaa a %
wnlmmnuninudnuazuald g welidauazeduuns Gslunuimsenalnnisfinduinisandjiseteendindu
189d17UszneuAueani1 i idaennaidaeuiiuansdunnianan (Jiang & Li, 2001; Zou et al., 2024) T4gamIny
Aanssuaaaeulalisnaisundouludasttenasenunszuaunisulsgiasaaaiusugs vl Stinco et al. (2019)

=

Anuazeenszuounisulsgiauaiinsugesananssuaasiaulasl PPO way POD ludy WATANULLUYYW WUIN
MAHUANALRITTZALIAYNAY 300, 450, 600 MPa w1 5 unit llanunsndudsianssuresieulaiisaesiio L
mm‘ﬂummmmmnﬂ?ﬁlﬁmnﬂmmﬁ HANNIMARRIT I aanARaIL Rios-Corripio et al., (2024) WU TEGIT
Lméﬁmm@ﬁ'uﬁwmthuﬂixmummﬂigﬂﬁwmwﬁu@ﬂ (p<0.05) danalfiAnnnsiasuutlasAnd L*, a* LAy b*
u@ﬂmﬂﬁmwﬁu@;\‘mWﬁﬂﬁ’muﬂﬁﬂmlﬂmﬁﬁﬁm (a*) anadLantins Lﬁ@qmﬂmnﬁmﬂ@ﬁ?mmm@n%mﬁwﬂm
Wndraalsias (Oey et al., 2008)

mﬂ%mwﬁu@‘ﬁ 400 w8z 500 MPa RuasantsanaszasAtaaulunsasadledouiuiinadanas
dnaldildaanusud 300 MPa (p<0.05) N5l ELI8 U 3-9 U7 Ael#AauAuTA 300-500 MPa fluasianis
iwasuuasnnuiilunsaanstesindnadanauinaals il Tangwongchai et al., (2000) 918911491 mmﬁu@;ﬁi
300-400 MPa §Q1ﬂmﬁuﬂinﬁu§ﬂﬁ@ﬂiiu°ﬂ@qLauiﬁﬁu’waammmu%mm (PG) e %wzﬁfa‘lﬁlﬁmﬂmmLL@muTiﬁﬂ
?‘Nl,ﬂmmiﬁﬂmmﬂumm—oﬁw (pH) aAa wAad e 1sANAINFUT 500 MPa gansndugaRanssuaeiaw e
waanany-tnualdaaflunald pH 9asidnadanauiinalifinuaausui 400 waz 500 MPa lduansinaiu
(p>0.05) @aAAARAL Jayachandran et al., (2015) fieanudn pH 1B AUATIANa A A AN TRE T T AL ALY
ity misl%mwwﬁ“uzgq%l,zﬁm’ml,mnﬁwm‘ﬁwLmzﬂméaﬂummi Fedenalimniaifisduresleseu H' luawns
NILUIUNNTANAUGA NI IR aRaLAANITWAN dugsuliRanauanuulanienszansiaresanslsznay
naluiradsaulienisuanaesiuscunsdouluansisznay (Zou et al., 2024) nasunnsailuilszq (ionization)
Ainlanialsusesigs (Heremans, 1995) anadenaliiinnisanasaasaanuiiuna-Aradndesudazananumi

Y @
HRINATN
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mﬂ%mmﬁu@;ﬂuma‘uﬂagﬂiﬂﬁmmi@mmﬁummﬁfmmqLm:ﬂ?mmmmLﬁqﬁwmﬁmmwiﬁ TSS (°Brix)
mqiﬁﬁﬂmﬁmmuﬁwﬂiﬁ(p>0.05)Tmﬂﬂ?mmmsﬂ?:ﬂﬂuﬁ@mmﬁﬂﬁm%m&i@xwuﬁi@mmrﬁfu ieeann
Uszneudasiuszlaonaus danszusunisldmanuiugelaiinanaviednaiioudnienseiuszinaniaus
(Jayachandran et al., 2015; Xia et al., 2023; Li & Padilla-Zakour, 2024; Rios-Corripio et al., 2024) L@uimﬁﬁﬁm@ﬁi@
mmﬂjummﬁwaiﬁ i euladinARuunaleamelad (PME) Aaxnupan NAUgs  Tangwongchai et al. (2000)

wU9 wulad PME Tutan s @amANAaINsis 200-600 MPa 1411 20 W17 bey

i

HATRITARUATUIEALAIINAY FLHZLIAT WAZBNBNATINTENINNILAUANNAULAZIAN TN NN NARD

Piunuansdsenauiuedniisunauazianssunissinuayya@aszaaeds DPPH (Table 2; p>0.05) Hatiiliasainaanu

o =

AugeaziinalunisaaanussialnHsra e sndneiuszan Wi Wiszuaulavaud (non-covalent bonds) azgn
analddanmeldanusiugs lurnsiiusyiaoaudaaudnamusanuiigs Gsanstlsznauainananssnuaisa
a5z AmAuLaznausa 39dsznevumianuszlinanandasldilasuudaantaliaanusu (Tangwongehai &

Attapolpaisarn, 2010) Ingiian1smaaeei LA damAREIN13N179789 U189 Li & Padilla-Zakour (2024) Wu41 fiansss

Gu@mwﬁmwga%mﬂuﬁﬂ@\juﬂmmm’mﬁtimmzmumimwﬁu@;\ﬁﬁmh\iLmnm\‘imnﬁﬂ@\juﬂmﬂ@{mm
(IAAYLAN) Xia et al. (2023) uaz Rios-Corripio et al. (2024) Wuq1 ﬂ?ﬁmmﬂuﬂaﬂﬁwmhﬁﬂNaiﬁﬁrﬁmmﬂm?gﬂ
Tneldpanusugedianiuansnesaminaldan winrngandninualifiunisulsgulasldaudan  Rios-Corripio
ot al. (2024) 7e91udn huuAATaTIaAMAINUNSELIIUNNTAINALGIR 600 MPa wu 5 Wit USunnfuedn

genganisluduusnuazdun 49 289n9fiuinmn  wanaintl Table 2 uaneliiiiugd 1lesAUANNALEININNGT 300

MPa daualiien FRAP anad (p<0.05) lasannausugeazisanisuandaiiulszquarljiseneanindunnaliiifia

|
o

dl a =2 v = a A % a dld o aa
nYTANIUALURLIAANTEU f-Nm@Lflumﬂiﬁ@ﬁiﬂ?:ﬂ@ﬂﬂ/\lu@@nmﬂmﬁmuﬂ%mmwuﬂmauumLﬂumwmmmmum

q

s A

Wuansshadvzaansinueyyadassaulunsdiiudiaansauiidininanadls (p>0.05) aanrdasiu Yuan et al.

' 1
= 1

(2018) Ni1e1wdn nsutlegdl aronia berry puree AaaAdNALgIRKATH A NAMNIa TUNNIFWeLABATE NIRRT T
fat 73 FRAP Hrnanaciiaifinsiuaanuiuain 400 MPa il 600 MPa  Tnefianssuansdnueysadasy lutiwalsl
azanaulasiupausufisyAuEuAUaIn 100 f9800 MPa  udednslsfimunszuaunisldanaieuiiguuniguas
sraiznaUIUaTdeNalinanssNasAinue Ly agaszanaeNINNg N3 I EAINAUES (Jayachandran et al., 2015; Rios-
Corripio et al., 2024)

AMNNIIANEIUTUIURAUNT Fravas wazdasuazsn wudn dadesanessziuanufuaznaniinase
IE‘NWMQ?\HVI?EF%\WNM (p<0.05) TuanusitTadesonliiluaseisunndas (p>0.05) Tmﬂms’l‘*ﬁ’mwﬁuﬁizﬁuqq
LL@:Lqmﬁmuﬁumﬂmm’@mmm@wmﬂ?mmfﬁuﬁﬂrﬁwm (p=<0.05) thdnafauantualdfiiunszuaunig

v
a 6o

wilagUlneiAanAugensT AL 300-500 MPa 11w 3-9 Wit Hiffunniqduyisenisunnag/lutog 3.33-8.33 CFU/mI Tuwaniy
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v 1% v
o ° A oo

MidnadananinalineutiunszuaunsulsgLinaa N AugaR BN AUEEINA 26 CFU/MI wanaIniisiu

a a '

AHALEBNENAseTHN N AWYEEISUNA (p<0.05) TntAvNALNSEAL 400 MPa Wu9Y HiSNnuLTaqAuzeRisusn

1 1%
=

wianagieagn 3.33 - 4.33 CFU/mI me‘wudﬁﬁf]ﬁﬂmﬁmmmmiﬁm@”Lﬁﬂhum:mumat,t,ﬂsgﬂimmmﬁu@qﬁﬂ?mm
aruazanlugas 2.67-6.67 CFUMI g fnadanantinnalsiEuduiUsunngaduazaminfu 55.33 CFUMmI
AaAAARSIU Li & Padilla-Zakour (2024) wuq1 ‘]_I?émmfﬁuw?ﬂ’%\mmm’luﬁwémmmm’m@mmmﬁ@ 1.9 logCFU/ml
NRINNEUNTELIUNNTANALG uenanis msﬁmwﬁuqqﬁizﬁu 600 MPa 111 5 17t Turnuudnisefiuasin

wudaafudnuaznigldmandugansz Ay 400 MPa W11 10 Wil @unsnanuuAnFengeuguu)ilunanels

= =l o

1lsza10u 3 logarithmic cycle WaauiuiuuAnaszan wazlinulduiadafuazs ludietsinuuia e s3vsin

o

NNIUANAUGINTZAD 200 WAL 400 MPa W1 10 WA UAE 600 MPa W1t 5 W#l LasuiuuAALasInsinfinig

-

ANNAUGINITAL 600 MPa W1t 5 w1l dewansliiiudinisldmanusugearnnsnniidndasuazanlfatsanysnl

U

(Rios-Corripio et al., 2024) N191EANNAUGINITAL 400 MPa w1 2 Wil ausnanidanalsn (Escherichia coli
O157:H7, Salmonella enterica Was Listeria monocytogenes) 165 logarithmic cycle (Petrus et al., 2020) wananil

nsldpanuAuganszAugandn 300 MPa anunsnvinliaadiusiusuresqaunztunnuazyinliieuladuaslnseads

s a =

Tlshulugadqaunididsaninauainnsnsneaudn ldnudsuiuqdunsdld (Xia et al, 2023) n1sldAauaun

q

v '
o o a

seAuganInazin Ui aasydvinvesalefesuuaiBauazinagaa NN Az e ANAWgIAEyinli

wanAalea (vacuoles) Naluitagunn Manautvgaguazisadiuuusulignaaduna lilsunnqaurisduasann

k%

Y v o d91/ a A f?:/ d‘ A i o 1 a o 3
Lm@‘ﬂ‘;?zmuﬂ’ml,ﬂigﬂmmmmuqqmm ﬂ?‘ll’]mm‘ﬂﬂ@umi‘ﬂvmﬂllﬂ‘V]Lﬂ@@@%SLLL[ﬂ'J@EI’N @@mmmmmgmm@mmm

£
a a g ¥

guauina lmndudy Auualiqaunsdianundecliiiu 1x10° Talatldesaatne 1 Had@ns (Thai Community

q
v |

Product Standard, 2014) oﬁ“@ﬁunizmum@mmﬁu@;qLﬂiﬁlﬂmummgmmmﬂmzmmmﬁﬁm@iﬁﬂmmimmL%

falsals 5 logarithmic cycle

Conclusions

a o

HNafnLnaanaaInni1siawsara 3 98in taun n3ulda 1valda waziiinea JAneA INlun199INIAN

v
°

34@rﬂ'ﬂummamfiﬁﬁﬂmﬁmmﬁmiuﬁmmmu 45:45:10 (‘Emﬂﬁmﬁn) waztnaaniuuina bl 3 aiin laun aguuag
wothaun wazazung fenunssuaunisasauuu lusnmdauindnadaasay 59.58 (Tmﬂfiﬁuﬁﬂ) iﬂ@\ju%@m:
23.57 (‘Emﬂﬁmﬁn) ﬁﬂLLﬂﬂLﬁ@?@ﬂm 14.85 (‘Emﬂ‘ﬁwﬁﬂ) LL@:iﬁu:mrﬁ@ﬂm 2 (Tmﬂﬁwﬁﬂ) Lﬁlﬂﬂi”uﬂ@qngu-m
mm%uﬁﬁ’l,ﬂm'wuﬂizmummﬂigﬂ‘ﬁmﬂ%ﬁmmﬁuqqﬁizﬁu 400 MPa W11 6 W1l mm?mmﬂ?mmfﬁuﬁﬂrﬁwm
%mimzifflﬁﬂg_uilummgméwavlmﬁ WHEASN I AANIINA TP URYLABATE FRAP N 8.49 ug TE/100 g uay
fenanuadnannndinisldaauiuiiszdu 300 MPa Taadansineannnludusag 7 I ldwmnsinefiunisld

ANNAUNITALAY Avaunsni lUnRaEsanaunssiidnananasEa lineganaw uddasiidaandn i nandnig
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